Aim: To explore the potential interactions between Yin Zhi Huang (YZH) and omeprazole, a substrate of CYP3A4 and CYP2C19. Methods: Eighteen healthy volunteers, including 6 CYP2C19*1/*1, 6 CYP2C19*1/*2 or *3 and 6 CYP2C19*2/ *2 were enrolled in a 2-phase, randomized, crossover clinical trial. In each phase, the volunteers received either placebo or 10 mL YZH oral liquid, 3 times daily for 14 d. Then all the patients took a 20 mg omeprazole capsule orally. Blood samples were collected up to 12 h after omeprazole administration. Plasma concentrations of omeprazole and its metabolites were quantified by HPLC with UV detection. Results: After 14 d of treatment of YZH, plasma omeprazole significantly decreased and those of omeprazole sulfone and 5-hydroxyomeprazole significantly increased. The ratios of the area under the plasma concentration-time curves from time 0 to infinity (AUC (0-∞) of omeprazole to 5-hydroxyomprazole and those of omeprazole to omeprazole sulfone decreased by 64.80%±12.51% (P= 0.001) and 63.31%±18.45% (P=0.004) in CYP2C19*1/*1, 57.98%±14.80% (P=0.002) and 54.87%±18.42% (P=0.003) in CYP2C19*1/*2 or *3, and 37.74%±16.07% (P= 0.004) and 45.16%±15.54% (P=0.003) in CYP2C19*2/*2, respectively. The decrease of the AUC (0-∞) ratio of omeprazole to 5-hydroxyomprazole in CYP2C19*1/*1 and CYP2C19*1/*2 or *3 was greater than those in CYP2C19*2/*2 (P=0.047 and P=0.009). Conclusion: YZH induces both CYP3A4-catalyzed sulfoxidation and CYP2C19-dependent hydroxylation of omeprazole leading to decreases in plasma omeprazole concentrations.
Introduction
Yin Zhi Huang (YZH), a decoction of Yin Chin (Artemisia capillaris) and 3 other herbs, is widely used in Asia to prevent and treat jaundice [1] [2] [3] . Recently, Huang et al demonstrated that YZH activated the constitutive androstane receptor (CAR, NR1I3), a key regulator of bilirubin clearance in the liver [4] [5] [6] . CAR leads to the increased expression of several CYP450 enzymes, including cytochrome P450 (CYP) 3A4 and CYP2C19 [7, 8] . Therefore, we suppose that YZH may be a modulator of CAR-targeted CYP450 isoenzymes. As a result, in clinical situations, herb-drug interactions may occur between YZH and substrate drugs of these CYP450 enzymes.
Omeprazole is a well-known CYP2C19 substrate which undergoes hydroxylation to form its major metabolite 5-hydroxyomeprazole. CYP3A4 mediates the sulfoxidation of omeprazole to form the second major metabolite omeprazole sulfone. CYP2C19 is a genetic polymorphism enzyme. A person exhibits either extensive or poor CYP2C19 enzyme activity. The latter phenotype occurs in 1%-3% of Caucasians and 13%-23% of Asians [9] . The most common CYP2C19 allelic variants causing the poor metabolizer (PM) phenotype contain a splicing defect (CYP2C19*2) or premature stop codon (CYP2C19*3) [10] . The polymorphism of CYP2C19 was reported to exhibit a marked effect on the pharmacokinetics of omeprazole [11] . The pharmacokinetics of omeprazole is also prone to be affected by CYP450 inducers, such as rifampicin [12, 13] and some herbal medicines like St John's wort and Ginkgobiloba [14, 15] . Until now, the effects of YZH on CYP450 subtypes and their clinical significance have still not been determined; herb-drug interactions for this herbal remedy are generally not known or are poorly studied. Thus, we carried out the present study to observe the impacts of YZH on CYP2C19 and CYP3A4 enzyme activities, and the potential herb-drug interaction involving YZH and omeprazole related to different CYP2C19 genotypes.
Materials and methods
Drugs and reagents YZH oral liquid was purchased from Shuang He (Beijing, China, No 272044). Omeprazole, 5-hydroxyomeprazole, and omeprazole sulfone were generous gifts from Jae-Gook SHIN (Inje Univ College of Medicine, Gaegum-dong, Busanjin-gu, Busan, Korea), and HPLC-grade solvents were obtained from Hunan Chemical Institute (Changsha, China).
Patients Eighteen unrelated, healthy adult men, from a total of 110 healthy Chinese volunteers, who had been screened for the CYP2C19 genotype, were recruited for this study (6 CYP2C19*1/CYP2C19*1, 5 CYP2C19*1/*2, 1 CYP2C19*1/*3, and 6 CYP2C19*2/CYP2C19*2). Genotyping procedures for identifying CYP2C19 wild-type gene (CYP2C19*1) and the 2 mutated alleles, CYP2C19*2 in exon 5 and CYP2C19*3 in exon 4, were performed by the PCR-restriction fragment length polymorphism method as described previously [9] . This study was approved by the Ethics Committee Board of Central South University, Hunan, China. The patients gave written informed consent to participate. All of the patients finished the entire protocol of this study. The participants were required between the ages of 18 and 28 years, non-smokers, and have a standard body mass index between 18 and 30 kg/m 2 . The patients were healthy with no clinically relevant conditions identified from medical history, physical examinations, electrocardiogram, and routine laboratory tests (blood chemistry, hematology, and urine analysis). All the patients were refrained from use of any prescription or non-prescription medication 2 weeks before and throughout the study. They were also abstained from grapefruit juice, herbal dietary supplements, and caffeine-containing beverages, including coffee and green tea, 2 weeks before the study and during the study period. The volunteers were served standard meals and were monitored during the experimental period for the development of any possible adverse effects.
Study design and clinical protocol
The study was carried out in a 2-phase crossover manner with a 5 week washout period between phases. In each phase, 18 volunteers received placebo or YZH oral liquid 10 mL 3 times daily for 14 d. On the 15th day, all the patients were given a single oral dose of omeprazole (20 mg capsule) with 250 mL of warm water, after an overnight fast. Two to four hours later, they had access to water and received breakfast. Omeprazole was given at 8:00 h, and 5 mL blood samples were collected into heparinized tubes from the antecubital vein immediately before (0 min) and at 0.25, 0.5, 0.75, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, and 12 h after drug administration. Blood samples were centrifuged at 2000×g for 10 min, and plasma was separated and stored at -80 °C until analyzed.
Analytic method of omeprazole and its metabolites Plasma concentrations of omeprazole and its metabolites, 5-hydroxyomeprazole and omeprazole sulfone, were quantified by validated HPLC with UV detection at a wavelength of 302 nm according to the method previously described [14] with minor modifications. The HPLC system (SHIMADZU 2010C HPLC series, Kyoto, Japan) was composed of a solvent-delivery system, an online degasser, an automatic sample injector, and a variable-wavelength detector. The data analysis included Class VP systems. In brief, a mixture of 1000 µL of a plasma aliquot and 100 µL propranolol (internal standard) were extracted with 5 mL dichloromethane. Each tube was blended in a vortex mixer vigorously for 3 min and centrifuged at 2500×g for 10 min. The organic layer was decanted and evaporated to dryness under nitrogen. The residue was reconstituted with 100 µL of the mobile phase, and 20 µL of this solution was injected into an HPLC column. A Hypersil BDS C18 column (particle size, 5 µm; 4.6 mm×200 mm; Thermo Co, Phenomenex, US) was used as an analytic column. The mobile phase was a mixture of 10 mmol/L ammonium formate (pH 4), methanol, and acetonitrile (60:25:15, v/v/v). The average recoveries of omeprazole, 5-hydroxyomeprazole, omeprazole sulfone, and the internal standard were 89%, 73%, 87%, and 85%, respectively. The interday coefficients of variation for omeprazole, 5-hydroxyomeprazole, and omeprazole sulfone were 5.1%, 5%, and 10%, respectively, indicating high reproducibility. The validated limit of quantification was 2.656 ng/mL for omeprazole. The retention times were 5.25, 8.69, 9.86, and 11.52 min for the internal standard, 5-hydroxy-omeprazole, omeprazole sulfone, and omeprazole, respectively, and the flow rate was 1 mL/min.
Analytic method of YZH components The concentrations of 4 main components in YZH oral liquid baicalin, geniposide, chlorogenic acid, and 6,7-dimethylesculetin (scoparone) were quantified by validated HPLC with UV detection at a wavelength of 276, 230, 335, and 280 nm, respectively, according to the method previously described [29] [30] [31] [32] with minor modifications. The HPLC system (Agilent 1100 series, Agilent Co, California, USA) was composed of a solvent-delivery system, an online degasser, an automatic sample injector, and a variable-wavelength detector. The data systems included a HP Chem Station controller (HewlettPackard, Houston, Florida, USA). A ZORBAX Eclipse XDB-C18 column (particle size, 5 µm; 4.6×150 mm; Agilent, California, USA) was used as an analytic column. The mobile phase was a mixture of 0.625% acetic acid and acetonitrile (85:15, v/v) for chlorogenic acid, 0.625% acetic acid and methanol (75:25, v/v) for 6,7-dimethylesculetin, 0.625% acetic acid and acetonitrile (75:25, v/v) for baicalin, and a mixture of distilled water and acetonitrile (80:20, v/v) for geniposide. The average recoveries of baicalin, geniposide, chlorogenic acid, and 6,7-dimethylesculetin were 100.1%, 100.15%, 93.6%, and 97.27%, respectively. The interday coefficients of variation for baicalin, geniposide, chlorogenic acid, and 6,7-dimethylesculetin were 1.66%, 1.63%, 3.5%, and 1.96%, respectively, indicating high reproducibility.
Pharmacokinetic analysis The area under the plasma concentration-time curves (AUC) of omeprazole and its metabolites were calculated by the linear trapezoidal method and further extrapolated to infinity by dividing the last experimental concentration by the terminal slope (λ). The terminal elimination rate constant (λ) was determined by loglinear regression, and the terminal elimination half-life (T 1/2 ) was determined by the following relationship: T 1/2 = 0.693/λ. The peak plasma concentration (C max ) and time to peak concentration (t max ) were assigned by visual inspection of the data. The AUC from time 0 to infinity (0-∞) ratios of omeprazole to 5-hydroxyomeprazole (AUC OPZ /AUC OH-OPZ ) and omeprazole to omeprazole sulfone (AUC OPZ /AUC OPZ-SUL ) were calculated as the apparent markers of CYP2C19 and CYP3A4 activities, respectively [14, 16, 17] .
Statistical analysis
The pharmacokinetic parameters of omeprazole and its metabolites treated by placebo and YZH were analyzed using the paired Student's t-test. The mean changes in pharmacokinetic parameters among the 3 CYP2C19 genotype groups were compared, using one-way ANOVA. P<0.05 was considered statistically significant for all tests. All statistical analyses were performed using SPSS software (version 11.0, SPSS, Chicago, IL, USA). Data are expressed as mean±SEM.
Results

YZH components analysis
Qualitative and quantitative measurement by HPLC of 4 components of YZH including baicalin, chlorogenic acid, 6,7-dimethylesculetin, and geniposide are presented in Figure 1 . In every 10 mL YZH oral liquid, there is 442.49±75.38 mg 6,7-dimethyles-culetin, 29.7±5.64 g baicalin, 39.64±0.002 mg geniposide, and 476. 22±58.16 mg chlorogenic acid.
Plasma omeprazole pharmacokinetics The mean pharmacokinetic parameters of omeprazole and its metabolites after 14 d of treatment by placebo and YZH are summarized in Table 1 . After YZH administration, the plasma concentrations of omeprazole significantly decreased in comparison to the control (placebo; Figure 2A) Omeprazole hydroxylase activity Based on the changes in the omeprazole and 5-hydroxyomeprazole plasma concentrations, the AUC OPZ /AUC OH-OPZ ratios (an index of omepr azole h yd r oxylase activity) decr eas ed by 64.80%±12.51% (P=0.001), 57.98±14.80% (P=0.002), and 37.74%±16.07% (P=0.004) in CYP2C19*1/CYP2C19*1, CYP2C19*1/CYP2C19*2 or *3 and CYP2C19*2/ CYP2C19*2 patients, respectively ( Figure 3A) . The decrease in the AUC OPZ /AUC OH-OPZ ratio was significantly greater in CYP2C19*1/CYP2C19*1 and CYP2C19*1/ CYP2C19*2 or *3 groups than those in the CYP2C19*2/ CYP2C19*2 group (P=0.047 or 0.009, Figure 3A) . 
Discussion
Since there may be variability in the YZH products currently on the market [18] , in order to be better controlled, the YZH oral liquid used in our study was of the same batch number. Moreover, we quantified 4 main components of YZH oral liquid using HPLC with UV detection, which might help explain the results and conclusions extrapolated from our study in some ways. Baicalin accounts for 97.69% for every 10 mL YZH oral liquid used in our experiment, which is in agreement with the manufacture standard of YZH to con- Because the first and last time points of quantifiable concentrations for the 3 analytic compounds varied among individuals, and to keep the data comparable, we analyzed data by using AUC (0-∞) .
In this study, we demonstrate that YZH significantly induces the CYP2C19-dependent omeprazole hydroxylation. We use the AUC ratio of omeprazole to 5-hydroxyomeprazole to evaluate the phenotypic activity of omeprazole hydroxylation, which is recognized to be a valid representation of the hydroxylation phenotype activity [14, 17] . Moreover, a recent study indicated that AUC OPZ /AUC OH-OPZ was likely to be a more reliable and sensitive method for probing CYP2C19 than those previously used [9] . In this study, we show that YZH treatment caused a 16.08%-79.36% decrease in AUC OPZ /AUC OH-OPZ . The change percentage of AUC OPZ /AUC OH-OPZ following YZH administration in CYP2C19*1/CYP2C19*1 and CYP2C19*1/CYP2C19*2 or *3 are 1.5 and 1.7 times greater than that of CYP2C19*2/ CYP2C19*2, respectively, exhibiting a gene-dosage-inductive effect of YZH on CYP2C19 activity. In our current study, CYP2C19 *2 homozygotes display a large degree of induction. Nevertheless, PM have no or low CYP2C19 activity, and thus would not be expected to be markedly induced [12] . Two possible explanations for this discrepancy are that CYP2C19 still has some level of activity in the PM with *2 mutation and thus can be induced, or the induced hydroxylation is catalyzed by a non-CYP2C19 hydroxylase [13, 14] . We also observed a potent inductive action of YZH on the CYP3A4-mediated metabolic pathway of omeprazole sulfoxidation. YZH treatment produced a marked decrease in the AUC OPZ /AUC OPZ-SUL ratios of all the patients, indicating that YZH is also a potential in vivo inducer of CYP3A4.
The effects of the components of YZH on CYP450 have previously been studied. Baicalin could induce several CYP450 in rat liver microsomes [19] , while chlorogenic acid has no obvious effects on CYP450 [20] . Due to a high concentration of baicalin in YZH oral liquid, the inductive effect of baicalin on CYP3A4 and CYP2C19 might be one of the mechanisms for our study. Moreover, the nuclear receptor CAR is involved in molecular mechanisms of CYP450 induction by binding to the promoters of both CYP2C19 and CYP3A4 [7, 8] . Therefore, 6,7-dimethylesculetin, an agonist for CAR, according to Huang et al [4] , might increase CYP2C19 and CYP3A4 expression in the mRNA level and further increases CYP2C19 and CYP3A4 enzyme activities, which also helps explain the results of our study. Similarly, rifampin and St John's wort induce CYP450 enzymes and interact with other drugs in clinical situations by activating another nuclear receptor, the pregnane X receptor [21, 22] . Since CAR transcriptionally regulates the expression of other CYP450 subtypes, such as CYP2B6 and CYP2C9 [23] [24] [25] , the relationships between YZH and other CYP450 enzymes are worth further exploration.
As we mentioned earlier, like other herbal remedies, YZH contains many components which may affect various drug metabolic enzymes, drug transporters, and receptors [4] [5] [6] 20] . Thus, herb-drug interactions are likely to be more complicated than drug-drug interactions. Herbal medicine St John's wort was reported to exert a biphasic effect on CYP enzymes starting with a parent inhibition followed by a significant induction during long-term use due to its enzyme inhibiting-, expression inducing-, and drug transport-promoting properties [26, 27] . However, we do not know whether or not YZH affects the activities of the 2 enzymes in a similar way.
In this study, YZH use caused more than a 15% of decrease in the C max and AUC (0-∞) of omeprazole. YZH is beginning to be taken as herbal tea by people around the world [26] , and our current study emphasized that clinicians should be alert to other drugs catalyzed mainly by CYP2C19 [27] , such as the protease inhibitor nelfinavir, tricyclic antidepressants (imipramine, amitriptyline, and clomipramine), benzodiazepines (diazepam and flunitrazepam), proguanil and oth er pr oton pump in hibitor s (lan soprazole an d pantoprazole), and those catalyzed mainly by CYP3A4 [28] to avoid possible clinically significant interactions with YZH. It takes time to arouse the attention of people to the adverse effects of a drug, especially for traditional Chinese medicine (TCM). However, with more and more adverse effects of TCM occurring [29] , it is urgent for clinical pharmacologists to guide people to take TCM more safely and effectively.
In conclusion, YZH, acting as an inducer of both CYP3A4 and CYP2C19, increases the metabolism of omeprazole in a CYP2C19 genotype-dependent manner and results in decreased plasma omeprazole concentrations. Attention should be paid for clinicians to avoid related drug interactions when YZH is co-administrated with CYP2C19 and CYP3A4 substrate drugs like omeprazole.
